Echinacea has been suggested as a substitute for antibiotic (flavophospholipol) growth promoters [8] . As a result, the market for Echinacea has increased globally from US $31 million in 1995 to US $80 million in 2005 and is estimated to reach US $99 million in 2015 [9] .
Echinacea purpurea L. (EP), Echinacea pallida, and Echinacea angustifolia are widely used for medicinal purposes. The medicinal varieties of Echinacea contain similar ingredients, including caffeic acid derivatives, alkamides, flavonoids, essential oils, and polyacetylenes [10] . However, in current applications, the active medicinal ingredients are not clearly defined, and the associations between specific compounds and disease prevention remain obscure [11] .
In previous studies, various experimental and clinical data on EP have been obtained. For example, EP extracts are often used in human medicine to prevent acute upper respiratory infections [12, 13] and common colds [14] . The synergistic antioxidative effects of the main ingredients of Echinacea have been determined by measuring their inhibition of in vitro Cu(II)-catalyzed oxidation of human low-density lipoprotein [15] . Supplementing Echinacea extracts in the diets of layer chicks does not appear to benefit growth performance and intestinal histology during the growing period [16] . However, Echinacea extract supplementation had a beneficial effect on the cardiovascular system in fast-growing broilers [17] , and it significantly enhanced IL-2 and tumor necrosis factor-α production and antibody titration to the infectious bursal disease vaccine [18, 19] . Recently, we reported that the antioxidant activity of EP extracts is similar to that of ascorbic acid, and we demonstrated that EP extracts did not inhibit the viability of peripheral blood mononuclear cells in broiler chickens [20] .
The effect of dried EP as a feed additive in the diets of broilers has not been evaluated. Therefore, the objective of the present study was to investigate the growth performance and antioxidant activity of broilers whose diets have been supplemented with dried EP.
MATERIALS AND METHODS

Test Product
The EP used in the present study was cultivated at the Department of Agronomy, National Chung-Hsing University. The entire plant was dried in a forced hot-air dryer at 43°C for 4 to 7 d and then ground into a powder [21] . An HPLC system [22] equipped with a pump (L-7100), column oven (655A-52), UV-visible detector (L-4200; 330 nm), and Mightysil RP-18 GP 5-μm 150 × 4.6 mm column [23] was used to determine the concentrations of caftaric acid, chlorogenic acid, cichoric acid, cynarin, echinacoside, and alkamide 8/9. The concentration of phenolic compounds was determined with Folin-Ciocalteu reagent according to the method of Kujala et al. [24] . Results of the chemical analysis of the EP are shown in Table 1 .
Broilers and Experimental Design
The experiment was conducted at the National Chung-Hsing University, and the experimental protocol for bird use was approved by the Animal Care and Use Committee. Five hundred Arbor Acres [25] broiler chicks were randomly allocated to treatments at 1 d of age. Two replicate pens of 25 males and 2 replicate pens of 25 females were assigned to each. The initial average BW was 40.9 ± 0.5 g. The broilers were housed in floor pens on an experimental farm in a temperature-controlled house, and rice hulls were used as bedding in the floor pens. The temperature was maintained at 34 ± 1°C from 0 to 1 d of age up to 7 d of age, and it was gradually decreased to 26 ± 1°C by 21 d of age, after which the broilers were maintained at a room temperature of approximately 26°C. The broilers in treatment 1 were fed a diet based on corn-soybean meal and fishmeal (the control diet), and in treatments 2 to 5, they were fed 4 dietary concentrations of dried EP powder (0.1, 0.5, 1.0, and 2.0 g/kg; Table 2 ). The broilers in the control group received a similar amount of alfalfa meal. The nutrient composition of the experimental diets was similar; however, the medicinal compounds varied among the treatments, as described by Maass et al. [26] . For the entire experimental period (5 wk), all the diets were formulated to meet the requirements suggested by the NRC [27]. The study was divided into the starter (0 to 21 d of age) and grower periods (22 to 35 d of age), and the diets (in mash form) and water were provided ad libitum. On d 21 and 35, the performance of the broilers was assessed by measuring the feed intake and BW of the chicks, and the BW gain and feed conversion (feed:gain) were recorded. On the same day, 8 chicks from each treatment (2 chickens per pen) were randomly selected and euthanized to determine the relative weight (g/100 g of BW) of the digestive organs (the gizzard, duodenum, jejunum-ileum, and cecum) after they were rinsed and flushed to empty the contents.
Sample Collection and Biochemical Determinations
Blood samples were collected from 8 birds per treatment (2 birds per pen). To obtain the samples, jugular venipuncture was performed on each bird. The blood samples were centrifuged at 1,800 × g for 10 min at room temperature, and the serum fraction was frozen and stored at −20°C until analyzed. The birds were killed by cervical dislocation, and the liver, spleen, and bursa were removed, rinsed with 0.9% ice-cold saline, and then chopped into small pieces on ice. A 10% (wt/vol) homogenate was prepared in a 10 mM phosphate buffer (pH 7.4), and the resulting suspension was centrifuged at 12,000 × g for 10 min at 4°C. The supernatant was collected, stored at −75°C, and later used to determine the activity of antioxidant enzymes. The Trolox equivalent antioxidant capacity (TEAC), catalase (CAT), and superoxide dismutase (SOD) activities were assayed with a spectrophotometer according to a colorimetric method [28, 29] . The procedures were conducted with assay kits purchased from Cayman Chemical Co. [30] . All the samples were measured in triplicate at appropriate dilutions to obtain activities within the linear range of the standard curve. The results were compared with the standard provided in the commercial kit. The protein content of the supernatant of the tissues was determined using a Coomassie Brilliant Blue (G250) assay kit with BSA as the standard [31] .
Ammonia N Concentration
Ammonia N concentration of fresh digesta from the jejunum-ileum and cecal samples was determined by spectrophotometry, according to a modification of the method of Novozamsky et al. [32] . Briefly, 2 mL of phenate solution and 3 mL of 0.01% sodium nitroprusside were added to 40 µL of digesta in a 16 × 100 mm glass tube. The resulting solution was vortexed, and 3 mL of 3% sodium hypochlorite was added at once. The solution was covered with Parafilm, stirred vigorously, and placed in complete darkness for 20 min at 37°C. The absorbance of the solution was read at 625 nm with a microplate spectrophotometer [33] . An ammonium sulfate (A4418) [31] solution was used to prepare a standard curve, and the ammonia N concentration was determined with a regression equation of the standard curve.
Statistical Analysis
The data were subjected to the standard ANOVA procedures for completely randomized designs. The GLM procedure of the SAS software [34] package was used, and a single degree of freedom was used to separate the treatments. Linear and quadratic effects were analyzed by an orthogonal comparison. Significant differences among the treatments were determined by conducting Duncan's multiple range test. A threshold value of P < 0.05 was established to denote statistical significance. No significant effects of sex or of a sex × diet interaction were observed for any of the variables assayed in the study. Therefore, the means for these effects are not presented.
RESULTS AND DISCUSSION
Functional Components of EP
As shown in Table 1 , the functional components of dried EP included 3.80 ± 0.04 mg/g of dry weight (DM) of caftaric acid, 0.04 ± 0.01 mg/g of DM of chlorogenic acid, 2.08 ± 0.04 mg/g of DM of cynarin, 0.26 ± 0.11 mg/g of DM of echinacoside, 23.24 ± 0.06 mg/g of DM of cichoric acid, and 0.57 ± 0.13 mg/g of DM of alkamide 8/9. The concentration of phenolic compounds was 55.97 ± 1.13 mg of gallic acid equivalents/g of DM. The active ingredients of the EP medicinal plants are mainly secondary metabolites, such as phenolic compounds, derivatives of caffeic acid (cichoric acid), alkamides, and polysaccharides, all of which are important antioxidants and are able to promote antioxidant activity and immunity [35] [36] [37] [38] . The secondary metabolites are highly variable and are dependent on the season and growth status of the EP. For instance, the alkamide content of Echinacea ranges from 0.2 to 1.41 mg/g of DM [39, 40] , and the cichoric acid content ranges from less than 5 mg/g of DM in the leaves and stems to 30.0 mg/g of DM in the blossoms [41] . In the present study, the entire plant was used as a feed additive for the chicks, and the cichoric acid content was 23.24 mg/g of DM.
Performance and Relative Weight of the Digestive Organs
The growth performance of the broilers is shown in Table 3 . The BW gain and feed intake of the broilers were not significantly different by treatment in the starter or grower period (P > 0.05). In the grower period, the feed conversion of the EP groups was significantly decreased compared with that of the control group (P < 0.05). Moreover, the 1.0% EP group was signifi-cantly decreased over the control group in the starter period and the entire period. A linear effect (P = 0.02 and P = 0.01) in 0-to 21-d-old and 0-to 35-d-old broilers was observed between feed conversion and the EP content, respectively. Echinacea purpurea L. has been evaluated as an additive in the diets of pigs. Maass et al. [26] reported that supplementation with 1.5% corn cobs or 4 to 6 mL of the pressed juice (commercial product) of EP to starter-grower pigs resulted in a significantly lower feed:gain conversion in the supplemented animals than in a control group (P < 0.03). However, EP supplementation did not affect the daily BW gain. Similarly, Hermann et al. [42] found that supplementation with 2 or 4% EP did not enhance growth or affect the immune system of nursery-age pigs; they suggested that the efficacy of dietary Echinacea may vary physiologically and metabolically across animal species.
For the relative weight of digestive organs, no significant differences among treatments were observed in any period (data not shown). The relative weights of the gizzard, duodenum, jejunum-ileum, and cecum were 1.72 to 1.83, 0.64 to 0.77, 2.07 to 2.35, and 0.31 to 0.33 g/100 g of BW at 35 d in broilers, respectively. No significant differences were observed between the EP group and the control group or between the EP groups (P > 0.05).
Biochemical Analysis of Antioxidant Enzymes
Results of the biochemical analysis are shown in Table 4 . In the EP groups, the TEAC in the serum of 35-d-old broilers was significantly greater than that in the serum of the control group (P < 0.0001). Moreover, the effect in the 0.5, 1.0, and 2.0% EP groups was significantly greater than that in the 0.1% EP group (P > 0.05). Compared with the control, the inclusion of dried EP in the diets increased the CAT and SOD contents of the serum (P < 0.05). The CAT and SOD contents in the liver of the 0.5, 1.0, and 2.0% EP groups were significantly greater than those of the control and 0.1% EP groups (P < 0.05). In the spleen, dried EP supplemented in the diets increased the CAT and SOD contents when compared with those of the control group (P < 0.05). Moreover, as the EP content increased, linear and quadratic effects were observed on the TEAC, CAT, and SOD contents of the serum, and a linear effect was observed in the liver and spleen. In addition, quadratic effects were observed on the CAT and SOD contents of the spleen (P = 0.017 and P = 0.001, respectively).
Few previous studies have been devoted to examining the effects of dried EP on the antioxidant state of chicken tissues. Antioxidant enzymes such as CAT and SOD, which are Means within the same row in the same time period with different superscripts are significantly different (P < 0.05). 1 Results are given as the means of 4 pens with 25 chicks in each pen.
synthesized and endogenously regulated antioxidant mechanisms, are an important index of the antioxidant capacity of animal tissue [43] . Superoxide dismutase catalyzes the dismutation of the superoxide anion (O 2− ) into hydrogen peroxide and prevents the generation of free radicals. Catalase converts H 2 O 2 into H 2 O, and TEAC measures the capacity of a compound to capture 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid), a radical cation. Ghalamkari et al. [44] demonstrated that inclusion in the diet of EP powder from the dried aerial part (10 g/ kg) could improve the total antioxidant activity in the serum of broiler chicks. Oztürk-Urek et al.
[45] demonstrated that vitamins C and E could enhance the antioxidant capacity of the plasma and liver and reduce oxidative stress in broilers. Similarly, botanical extracts, such as soybean isoflavone, have been shown to increase TEAC, CAT, and SOD contents in the plasma of broilers and decrease lipid peroxidation [43] . Brenes et al. [46] demonstrated that the inclusion of 30 g/kg of grape pomace concentrate increased antioxidant activity [2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) method] in broiler excreta and serum. Moreover, Lopez-Bote et al. [47] and Tang et al. [48] suggested that supplementation with a natural antioxidant originating from rosemary-sage extracts (500 mg/kg) and tea catechins (100 mg/kg) could decrease lipid oxidation in the muscles of broilers. Puiggros et al. [49] speculated that the secondary metabo- Means within the same rows but without the same superscript are significantly different (P < 0.05). 1 Each value is the mean of 8 samples (2 samples from each of 4 replicates). 2 TEAC, CAT, and SOD represent total antioxidant capacity, catalase, and superoxide dismutase, respectively. lites found in the aforementioned extracts affect the gene expression of antioxidant enzymes in the liver.
Ammonia N Concentration of Gastrointestinal Contents
The ammonia N concentration of the gastrointestinal contents of the broilers is shown in Table  5 . The concentration of ammonia N in the jejunum-ileum and ceca of 21-and 35-d-old broilers was not significantly different among treatments. Moreover, as the EP content increased, no linear or quadratic effects were observed (P > 0.05). A high concentration of ammonia N could increase the incidence of diarrhea [50] and negatively affect the growth and differentiation of the intestinal epithelial cells [51] . In the present study, the dried EP supplemented in the diets did not increase the ammonia N concentration of the gastrointestinal contents when compared with that of the control group (P > 0.05).
CONCLUSIONS AND APPLICATIONS
1. In the present study, dietary EP had a promotional effect on the in vivo antioxidant capacity of broilers. 2. Compared with extracts or injections, the use of a dried supplement is a convenient method of administration. 3. Dried EP can be used as an antioxidant supplement for broilers. The recommended dosage of dried EP powder in the broiler diet is 0.5 to 1.0%.
